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This listing of claims will replace all prior version*, and listings, of claims in the application. 

Listing of Claims 

1. (currently amended) A method for forming an ONO structure, comprising: 

providing an oxide-nitride film on a surface of a substrate, the oxide-nitride film including 
a first oxide layer over the substrate and a silicon nitride layer over the first oxide layer; 

patterning the oxide-nitride film to define bottom oxide and silicon nitride portions of an 
ONO stack on the substrate, the bottom oxide and silicon nitride portions having exposed 
sidewalls and the silicon nitride portion having an exposed surface; and 

performing a ISSG operation by heating the substrate to a selected temperature in a ranpe 
about 700 °C t o ab out 1300 °C and exposing the exposed sidewalls and the exposed surface to a 
gas mixture of on oxygen containing gas a nd a hydro gen - containing gas in a select e d proportio n at 
a selected pr e ssur e and for a s e le cted time comprising O? and Hi. in a proportion in a range about 
0.1% to about 40% (H 7 I H z + Ch ) at a pressure in a range about 1 torr to about 20 torr for a time in 
a range about 1 t o 100 0 seconds , whereby components of the e*ygen-co ntaining ga3 and th e 
hydrogen - containin g gas mixture react to produce a radical oxidizing agent near the heated 
substrate, to form an oxide layer on the exposed surface and sidewalls of the patterned silicon 
nitride portion and on the sidewalls of the patterned bottom oxide portion. 

2. (original) The method of claim 1 wherein the radical oxidizing agent comprises an oxygen 
radical. 

3. (original) The method of claim 1 wherein the radical oxidizing agent comprises 0'. 

4. (cancelled) 

5. (canceled) 

6. (previously presented) The method of claim 1 wherein heating the substrate comprises 
heating the substrate to a temperature in a range about 900 °C to about 1 1 50 °C 

PAGE 2/14 1 RCVD AT 3/2912006 2:58:30 PM [Eastern Standard Time] * SVR:USPTWF)tf^9 1 DNIS:2738300 * CSID:650 712 0263 * DURATION (mM$):0M4 



Mar. 29. 2006 1:0 1 PM 



No. 0321 P. 3 



Atty. Docket No.: MXlC 1516-1 PATENT 
Appl.No. 10/721,605 

7. (previously presented) The method of claim 1 wherein heating the substrate comprises 
heating the substrate to a temperature in a range about 850 °C to about 1 000 °C 

8. (currently amended) The method of claim 1 wherein the exposing comprises heating the 
substrate to a selected temperature in the temperature range and exposing the exposed sidewalls 
and the exposed surface to a gas mixture [[of|] comprising O2 and H2 in a selected proportion at a 
selected pressure and for a sel ected time proportion in a range aboutjO. 1% to about 40% (H? / H? + 
Q2I at a pressure in a range about 1 torr to about 20 torr foj ; a time in a range about 1 to 1000 
seconds , whereby components of the mixture comprising O2 and H2 react to produce O" near the 
heated substrate. 

9. (canceled) 

10. (canceled) 

1 1 . (canceled) 

12. (currently amended) The method of claim [[9]] 1 wherein the exposing comprises flowing 
over the heated substrate a gas mixture [[of|J comprisin g O2 and H2 in a proportion in a range 
about 5% to about 33% (H 2 / H 2 + 0 2 ). 

13. (currently amended) The method of claim [[9]] I wherein the exposing comprises flowing 
over the heated substrate a mixture [jofjj c omprisin g O2 and H2 in a proportion in a range about 

1 : 1 9 to about 1:2 (H 2 : C) 2 ). 

14. (currently amended) The method of claim [[9]] 1 wherein the exposing comprises flowing 
the mixture [[of]] comprising O2 and H2 over the heated substrate for a time in a range about 1 0 
seconds to about 500 seconds. 
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] 5. (currently amended) The method of claim [[9]] 1 wherein the exposing comprises flowing 
the mixture [[of]] comprising O2 and Hz over the heated substrate lor a time in a Tange about 30 
seconds to about 300 seconds 

16. (currently amended) The method of claim 1 wherein the exposing comprises heating the 
substrate in a furnace and (lowing the mixture comprising (h and into the furnace a mixture of 

and Hy i**-a selected proportiotvat-a-seteet cd pressure and for a selected time , whereby 
components of the mixture comprising O2 and II2 react to produce O" near the heated substrate. 

17. (currently amended) The method of claim 1 6 wherein flowing the mixture [|of|J 
comprising O2 and H2 further comprises flowing a carrier gas. 

18. (currently amended) The method of claim 17 wherein flowing the mixture [[of]] 
comprising 0 2 and H2 further comprises Ilowing N 2 as a carrier gas, 

19. (currently amended) The method of claim 16 wherein flowing the mixture [[of]] 
comprising O2 and II 2 in a selected proportion comprises flowing [[the]] O2 and II2 at selected 
proportional flow rates. 

20. (currently amended) The method of claim 19 wherein flowing the mixture [[of]] 
comprising O2 and H2 further comprises flowing N2 as a carrier gas at a selected flow rate. 

21. (currently amended) The method of claim 19 wherein flowing l[thc|J O2 and H 2 comprises 
flowing O2 and H 2 at a combined flow rate in a range about 1 to about 40 slm. 

22. (currently amended) The method ofclaim 20 wherein flowing [[the]] O2 and H 2 comprises 
flowing Qz and H 2 at a combined flow rate in a range about I to about 40 slm, and flowing N 2 
comprises flowing N 2 at a flow rate up to about 50 slm. 
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23. (currently amended) A method for manufacturing a semiconductor device having an 
ONO structure, comprising: 

providing an oxide-nitride film on a surface of a substrate, the substrate having first and 
second regions defined by an isolation, the oxide-nitride film including a first silicon oxide layer 
over the substrate and a silicon nitride layer over the first silicon oxide layer, 

patterning the oxide-nitride film to expose a surface of the substrate in the second region 
and to define bottom oxide and silicon nitride portions of an ONO stack in the first region of the 
substrate, the bottom oxide portion and silicon nitride portions having exposed sidewalls and the 
silicon nitride portion having an exposed surface; and 

performing a ISSG operation by heating the substrate to a temperature in a range about 
700 °C to about 1200 °C and, while the substrate is al a temperature in said range, exposing the 
exposed sidewalls and the exposed surface to a gas mixture of an oxygen - containing gas an d-a 
hydrog e n containing g as at a s elected pressure and for a select e d tim e comprising and in a 
proportion in a range a bout 0.1 % to about 40% (II? / Ha - I- O ?) at a pr essure in a range about 1 torr 
to about 20 t orr for a time in a ramie about 1 to 1 000 seconds , whereby components of the oxygen - 
containing gas and th e hydrog e n contain ing gas mixtu re react to produce a radical oxidizing agent 
near the heated substrate, to form concurrently a second oxide layer on the exposed surface and 
sidewalls of the patterned silicon nitride portion and a gate oxide layer on the substrate surface in 
the second region; and 

forming a conductive layer over the second oxide layer and over the gate oxide layer. 

24. (original) The method of claim 23 wherein the radical oxidizing agent comprises an 
oxygen radical. 

25. (original) The method of claim 23 wherein the radical oxidizing agent comprises 0\ 

26. (canceled) 

27. (previously presented) The method of claim 23 wherein heating the substrate comprises 
heating the substrate to a temperature in a range about 900 °C to about 1 150 °C. 
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28. (previously presented) The method of claim 23 wherein heating the substrate comprises 
heating the substrate to a temperature in a range about 850 °C to about 1000 °C. 

29. (currently amended) The method of claim 23 wherein the exposing comprises heating the 
substrate to the temperature in the temperature range and exposing the exposed sidcwalls and the 
exposed surface to a gas mixture [|ofjJ comprising O2 and H2 in a select e d proportion at a select e d 
pr e ssur e and for a s elected time proporti on in a range about 0.1% to about 40% fH^ / H? + O7) at a 
pressure in a rang e about 1 torr to about 20 torr for a time in a range about 1 to 1 000 seconds, 
whereby components of the 0 2 and f I 2 react to produce O' near the heated substrate. 

30. (cancelled) 

3 1 . (cancelled) 

32. (cancelled) 

33. (currently amended) The method of claim [[30]] 23 wherein the exposing comprises 
flowing over the heated substrate a mixture [[of] | comprising, O2 and H2 in a proportion in a runge 
about 5% to about 33% (H 2 / H 2 + () 2 ). 

34. (currently amended) The method of claim [[30]] 23 wherein the exposing comprises 
flowing over the heated substrate a mixture [[of| | comprising 0 2 and Il 2 in a proportion in a range 
about 1:19 to about 1 :2 (H 2 : 0 2 ). 

35. (currently amended) The method of claim [[30]] 23 wherein the exposing comprises 
flowing the mixture [[of]] comprising 0 2 and H2 over the heated substrate for a time in a range 
about 10 seconds to about 500 seconds. 

36. (currently amended) The method of claim [[30]] 23 wherein the exposing comprises 
flowing the mixture [[of]] comprising 0 2 and H2 over the heated substrate for a time in a range 
about 30 seconds to about 300 seconds. 
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37. (currently amended) llic method of claim 23 wherein the exposing comprises heating the 
substrate in a furnace and flowing the mixture com prisi ng O? and II? into the furnace a mixture o f 



components of the mixture c o mprising 0 2 and II 2 react to produce O* near the heated substrate. 

38. (currently amended) The method of claim 37 wherein flowing the mixture \\of\] 
com prising 0 2 and II 2 further comprises flowing a carrier gas. 

39. (currently amended) The method of claim 38 wherein flowing the mixture [[of| J 
comprising 0 2 and II 2 further comprises flowing N 2 as a carrier gits. 

40. (currently amended) The method of claim 37 wherein flowing the mixture [[of] ] 
comprising () 2 and H 2 in a selected proportion comprises flowing [[the]] 0 2 and H 2 at selected 
proportional flow rates. 

41 . (currently amended) The method of claim 40 wherein flowing the mixture [[of]] 
comprising 0 2 and H 2 further comprises flowing N 2 as a carrier gas at a selected How rate. 

42. (currently amended) The method of claim 40 wherein flowing L[thc |l 0 2 and II 2 comprises; 
flowing 0 2 and H 2 at a combined flow rate in a range about 1 to about 40 slm. 

43. (currently amended) The method of claim 4 1 wherein flowing [[the]] 0 2 and H 2 comprises 
flowing 0 2 and II 2 at a combined flow rate in a range about 1 to about 40 slm, and flowing N 2 
comprises flowing "N2 at a flow rate up to about 50 slm. 

44. (original) The method of claim 23 wherein a ratio of thicknesses of the formed second 
oxide layer and the formed gate oxide layer is in a range about 0.6;1 to about 0.8: 1. 

45. (previously presented) The method ordaim 23 wherein heating the substrate comprises 
holding the substrate at a temperature in the temperature range for a time in a range about 10 
seconds to about 500 seconds. 




at a s elected pressur e and for a sel ected time, whereby 
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46. (previously presented) The method of claim 23 wherein heating the substrate comprises 
holding the substrate at a temperature in the temperature range for a time in a range about 30 
seconds to about 300 seconds. 

47. (previously presented) A method for manufacturing a memory device having an ONO 
structure, comprising: 

providing an oxide-nitride film on a surface of a substrate, the substrate having first and 
second regions defined by an isolation, the oxide-nitride film including a first silicon oxide layer 
over the substrate and a silicon nitride layer over the first silicon oxide layer; 

patterning the oxide-nitride film lo expose a surface of the substrate in the second region 
and to define bottom oxide and silicon nitride portions of an ONO stack in the first region of the 
substrate, the bottom oxide portion and silicon nitride portions having exposed sidewalls and the 
silicon nitride portion having an exposed surface; and 

performing a ISSO operation by heating the substrate to a temperature in a range about 
700 °C to about 1200 °C and, while the substrate is at a temperature in said range, exposing the 
exposed sidewalls and the exposed surface to a gas mixture of an oxygen containing g as-and a 
hydrogen-co ntaining ga 3 in a selected proportion at a s e l e ct e d pr e ssur e an d for a selected time 
comprising Cb and II? in a proportion in a range about OJ % to a bout 40% (H? / H? + 0?,) at a 
pressure in a range about 1 torr to about 20 torr f or a time in a range about 1 to 1000 seconds, 
whereby components of the oxygon - containing gns and th e hydrogen containing gas mixture react 
lo produce a radical oxidizing agent near the heated substrate, to form concurrently a second oxide 
layer on the exposed surface and side walls of the patterned silicon nitride portion and a gate oxide 
layer on the substrate surface in the second region; and 

forming a conductive layer over the second oxide layer and over the gate oxide layer. 

48. (original) The method of claim 47 wheTein the radical oxidizing agent comprises an 
oxygen radical. 

49. (original) llie method of claim 47 wherein the radical oxidizing agent comprises 0\ 

50. (canceled) 



PAGE 8/14 * RCVD AT 3/29J2006 2:58:30 PM [Eastern Standard Time] 1 SVR:USPToiFXRF-a/9 * DNIS:2738300 * CSID:650 712 0263 * DURATION (mm-ss):0344 



Mar. 29. 2006 1:03PM 



No. 082 1 P. 9 



Atty. Docket No.: MXTC 1516-1 



PATENT 



Appl. No. 10/721,605 

5 1 . (previously presented) The method of claim 47 wherein heating the substrate comprises 
heating the substrate to a temperature in a range about 900 °C to about 1 150 °C. 

52. (previously presented) The method of claim 47 wherein heating the substrate comprises 
heating the substrate to u temperature in a range about 850 °C to about 1000 °G 

53. (currently amended) The method of claim 47 wherein the exposing comprises heating the 
substrate to the temperature in the temperature range and exposing the exposed sidewalls and the 
exposed surface to a gas mixture [[of] J comprising O2 and H2 in a se lect e d proportion at a s e l e ct e d 



pressure in a ran ge a bout 1 torr to about 20 ton for a time in a range about 1 to 1 000 seconds, 
whercby components of the mixture comprising O2 and H2 react to produce O" near the heated 
substrate. 

54. (canceled) 

55. (canceled) 

56. (canceled) 

57. (currently amended) The method of claim 1 1 54 1 | 47 wherein the exposing comprises 
flowing over the heated substrate a mixture [[of]] comprising O2 and H2 in a proportion in a range 
about 5% to about 33% (H 2 / H 2 + 0 2 ). 

58. (currently amended) The method of claim 1 1 54 1 1 47 wherein the exposing comprises 
flowing over the healed substrate a mixture [[of]] comprising O2 and lh in a proportion in a range 
about 1:19 to about 1 :2 (H 2 : 0 2 ). 

59. (currently amended) The method ofclaim [[54 1 ) 47 wherein the exposing comprises 
flowing the mixture [[of]] com prising O2 and H 2 over the heated substrate for a time in a range 
about 10 seconds to about 500 seconds. 




>r a selee tcd time proportion in a range about 0. 1% to about 40% (H ; / H3 + (h ) at a 
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60. (currently amended) The method of claim [[54]] 47 wherein the exposing comprises 
flowing the mixture | | offl comprising O2 and H 2 over the heated substrate for a time in a range 
about 30 seconds to about 300 seconds;. 

61. (currently amended) The method of claim 47 wherein the exposing comprises heating the 
substrate in a furnace and flowing the mixture com prising Q? and II? into the furnace a mix ture of 
O^and H 2 in q select e d proportio n at a-s olootcd pressur e and for u sel e cted t ime, whereby 
components of the mixture co mprising O2 and II2 react to produce O* near the heated substrate. 

62. (currently amended) The method of claim 61 wherein flowing the mixture [[of| ] 
comprisin g O2 and II 2 further comprises flowing a carrier gas. 

63. (currently amended) The method of claim 62 wherein flowing the mixture [[of]] 
comprising 0 2 and H 2 further comprises flowing N 2 as a carrier gas. 

64. (currently amended) The method of claim 61 wherein flowing the mixture [[of)] 
comprising 0 2 and H 2 in a selected proportion comprises flowing 1 1 thc]l 0 2 and II 2 at selected 
proportional How rates. 

65. (currently amended) The method of claim 64 wherein (lowing the mixture of 0 2 and II 2 
further comprises flowing N 2 as a carrier gas at a selected How rate. 

66. (currently amended) The method of claim 64 wherein flowing [[the]] () 2 and H 2 comprises 
flowing 0 2 and II 2 at a combined flow rate in a range about 1 to about 40 slm. 

67. (currently amended) The method of claim 65 wherein flowing [[the]] O7 and H 2 comprises 
flowing 0 2 and H 2 at a combined How rate in a range about 1 to about 40 slm, and flowing N 2 
comprises flowing N 2 ut a flow rate up to about 50 slm. 

68. (original) The method of claim 47 wherein a ratio of thicknesses of the formed second 
oxide layer and the formed gate oxide layer is in a range about 0.6:1 to about 0.8:1 . 
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69. (previously presented) The method of claim 47 wherein heating the substrate comprises 
holding the substrate at a temperature in the temperature range for a time in a range about 10 
seconds to about 500 seconds. 

70. (previously presented) The method of claim 47 wherein heating the substrate comprises 
holding the substrate at a temperature in the temperature range for a time in a range about 30 
seconds to about 300 seconds. 

7 1 . (withdrawn) A semiconductor device having a silicon oxide/silicon nitride/silicon oxide 
structure, comprising 

a first silicon oxide layer over a substrate; 
a silicon nitride layer over a portion of the ilrst silicon oxide layer; 
a second silicon oxide layer fully covering the silicon nitride layer and contacting the first 
silicon oxide layer; and 

a gate conducting layer over the silicon oxide layer. 

72. (withdrawn) A memory cell having a silicon oxide/silicon nitride/silicon oxide structure, 
comprising 

a buried drain and a buried source within a substrate; 

a buried drain oxide layer over the buried drain and a buried source oxide layer over the 
buried source; 

a first silicon oxide layer covering a region of the substrate located between the buried 
drain and the buried source and covering a portion of the buried drain oxide layer and a portion of 
the buried source oxide layer; 

a silicon nitride layer covering a portion of the first silicon oxide layer; 

a second silicon oxide layer fully covering the silicon nitride layer and contacting the first 
silicon oxide layer; 

and a gate conducting layer over the second silicon oxide layer, 
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73. (withdrawn) A memory cell having a silicon oxide/silicon nitride/silicon oxide structure in 
a read-only memory, comprising 

a buried drain and a buried source located within a substrate; 

a buried drain oxide layer over the buried drain and a buried source oxide layer over the 
buried source; 

u first silicon oxide layer covering a region of the substrate located between the buried 
drain and the buried source and covering a portion of the buried drain oxide layer and a portion of 
the buried source oxide layer; 

a silicon nitride layer covering a portion of the first silicon oxide layer; 

a second silicon oxide layer fiilly covering the silicon nitride layer and contacting the first 
silicon oxide layer; and 

a gate conducting layer over the second silicon oxide layer. 
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